Abstract.-In order to test the Fuller and Hodgson hypothesis that modification of the anticodon-adjacent base in certain tRNA's not only prevents mRNA base-pairing at that site but also increases the stabilization of a stacked conformation in the anticodon loop, we have examined the interaction between adenosine and its N6-isopentenyl derivative by means of model compounds. The synthetic 9-[3-(aden-9-yl)propylj-6-(3-methyl-2-butenylamino)purine, Ad-C3-iPAd (IV), in which the adenine and N6-substituted adenine moieties are joined at the 9 and 9' positions by a trimethylene chain, served as a useful spectroscopic model for assessing the base-base interaction free from the complicating features of the carbohydrate and phosphodiester groupings. The hypochromism for the model, which was determined in dilute aqueous solution and represents the decrease in integrated ultraviolet absorption intensity of Ad-C3-iPAd (IV) compared with equimolar 9-propyladenine (Ad-C3) and 6-(3-methyl-2-butenylamino)-9-propylpurine (V, iPA&C3), was 17.9 per cent in neutral solution, 8.4 per cent in 0.1 N HC1, and 18.5 per cent in 0.1 N NaOH. Comparison with the per cent hypochromism calculated for the simple model Ad-C3-Ad (e.g., 16.5% in neutral solution) confirms the strong interaction in IV observed between uncharged plane-parallel adenine and N6-substituted adenine rings. The cause for changes in the absorption spectrum of Ad-C3-iPAd are discussed. The fluorescence and phosphorescence emission spectra of Ad-C3-iPAd in ethylene glycol-water glass at 80'K add considerable weight to the conclusion that there is a strong tendency for adenine and N6-(A2-isopentenyl)adenosine (I) to stack if this is permitted by steric considerations.
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Fuller and Hodgson' have proposed a structural model for the anticodon loop in tRNA in which the anticodon nucleotide triplet and the codon triplet of the corresponding mRNA have the same conformation as the strands of an RNA double helix. This model not only allows for the codon-anticodon recognition proposed by Crick2 and for his wobble hypothesis3 but is stereochemically satisfying in that it permits the simultaneous hydrogen bonding (recognition) between adjacent codon triplets on the messenger RNA to their corresponding anticodons on two tRNA molecules. Fuller and Hodgson have also suggested that a modified base adjacent to the 3' end of the anticodon triplet of transfer RNA, in addition to inhibiting base-pairing to the messenger RNA due to its chemically modified hydrogen-bonding donor group, may also increase the stabilization of a stacked conformation, as a single-stranded helix, of five adjacent nucleotides in the anticodon loop. The present study was undertaken to test 352 this hypothesis. In particular, we were interested in determining the interaction4 of adenosine with the modified adenosine, 6-(3-methyl-2-butenylamino)- 9-[3-(Aden-9-yl)propyl]-6-(S-methyl-2-butenylamino)purine (IV, Ad-CriPAd): To a solution prepared by warming 600 mg (1.72 mmole) of 6-[3-(aden-9-yl)propylamino]-4-chloro-5-nitropyrimidine in 250 ml of methanol was added 4 gm (wet wt) of Raney nickel suspended in 40 ml of methanol. The resulting suspension was hydrogenated at 3 atm and 250 (3.5 hr). After filtration and removal of the solvent in vacuo, the residual solid was recrystallized from ethanol as 6-[3-(aden-9-yl)-propylamino]-5-amino-4-chloropyrimidine (377 mg, 69%). The 6-(S-Methyl-2-butenylamino)-9-propylpurine (V, iPAd-C3): 5-Amino-4-chloro-6-propylaminopyrimidine was synthesized in 87% crude yield by the reaction of 4,6-dichloro-5-nitropyrimidine (II) in dioxane with propylamine in the presence of triethylamine. Hydrogenation of the crude intermediate in methanol at 3 atm using Raney nickel furnished 5-amino-4-chloro-6-propylaminopyrimidine which was purified by chromatography on silica gel, elution with chloroform-ethyl acetate, and recrystallization from nhexane at low temperature, mp 112-113°, characterized by analysis and NMR and UV spectra. The ring closure was effected with diethoxymethyl acetate,'3 and the resulting 6-chloro-9-propylpurine, XEH 263 nm,'5 was converted to 6-(3-methyl-2-butenylamino)-9-propylpurine (V) as described above for IV,14 yield 74%, recrystallized from nhexane as near colorless needles, mp 75. spectrophotometer as described previously, using dilute aqueous solutions.'6 The spectra of 9-[3-(aden-9-yl)propyl]-6-(3-methyl-2-butenylamino)purine (IV), 6-(3-methyl-2-butenylamino)-9-propylpurine (V), and 9-propyladenine (Ad-C3) were determined three times and averaged values of E were used. The electronic absorption spectra were digi- This compound was studied optically at concentrations low enough (2-3 X 10-i M) to preclude intermolecular interactions, so that perturbations associated with the internal 1: 1 interaction of the pair of bases in aqueous solution could be characterized. The models selected as equivalents of the separate "halves" of IV were 9-propyladenine (Ad-C3) and 6-(3-methyl-2-butenylamino)-9-propyladenine (V, iPAd-C3). The latter was made by reaction of II with propylamine, followed by successive steps of reduction, cyclization, and, finally, replacement of the chloro group in the intermediate 6-chloro-9-propylpurine. The identity and purity of the compounds were established by analytical and spectroscopic means as indicated in the section on Materials and Methods. The ultraviolet absorption spectrum of Ad-C3-iPAd (IV) is compared with the spectra of the two half-molecules, Ad-C3 and iPAd-C3, all in dilute aqueous solution (Fig. 1, left panel) . Visual inspection of the curves, which suggests the existence of a hypochromic effect28 for Ad-C3-iPAd, is sharpened when the spectrum of IV is compared with the summation of the Ad-C3 and iPAd-C3 curves (Fig. 1, right panel) . The effect is similar to that observed for Ad-C3-Ad relative to its separate adenine moieties.16' 29 Intramolecular interaction of the bases produces not only a decrease in intensity in the region of the absorption maximum and a shift toward the blue at the maximum, but also an increase in absorption Hypochromism is defined in terms of oscillator strengths, f, which were determined for Ad-C3-iPAd and the corresponding N-propyl "halves" by computer integration of the electronic absorption spectra from a cutoff wavelength in the vicinity of the absorption minimum to a point of zero absorption at long wavelength. ' 15.7 per cent,'6 it is recognized that the interaction, as measured by percentage of hypochromism, is at least as strong, and probably stronger, between adenine and N6-(W2-isopentenyl)adenine than between adenine and adenine. Apart from the hypochromic effect observed for Ad-C-iPAd (IV) in aqueous solution, the shape of the absorption spectrum of this compound differs markedly from that of the equimolar mixture of Ad-C3 and iPAd-C3. The spectrum suggest the presence of exciton splitting arising from the interaction of two parallel (stacked) transition dipoles with the more intense band corresponding to the higher energy transition. 32 The corresponding splitting and intensity distribution, which could also explain the hyperchromicity observed in the red edge of the absorption band, is particularly pronounced at low temperature (80'K) with the compound dissolved in an ethylene glycol-water glass (Fig. 1, right panel, point designations) . It should be pointed out however, that very similar changes in the absorption spectrum are observed in oligo-and polyadenylic acids33 for which the exciton splitting explanation given above is untenable, since fast singlet excitation migration which would result from such a large exciton interaction does not take place in poly A.34. 3 An alternative explanation for these spectral changes, which may well apply to Ad-C3-iPAd, has been offered by M. GueronR who has obtained evidence for two transitions in the 260 nm absorption band, a strong one near 260 nm and a weak one (possibly n-r*) 0 near the absorption edge (-290 nm): Stacking of the bases causes a blue shift of the first of these transitions and a red shift of the second. Whatever the cause for the shape of the absorption spectrum it is associated with an interaction facilitated by the stacked geometry. The evidence leading to this conclusion comes from the fact that when acetonitrile was used as a solvent instead of water, Ad-C3-iPAd (IV) exhibited no hypochromism and has, in fact, an absorption spectrum which is identical with that of the equimolar mixture of Ad-C3 plus iPAd-C3 (V). This striking difference between the water and acetonitrile solvents provides evidence that the stacked or folded conformation is favored in water. The influence on Ad-Cs-Ad of ethanol, an effective denaturing solvent for DNA and poly A, and the spectroscopic effects of protonating the rings or increasing the chain length between the adenine rings have already been reported. 16 The fluorescence and phosphorescence spectra of Ad-C3-iPAd (IV) in ethylene glycol-water glass compared to those of its component "halves," Ad-C3 and iPAd-C3 (V), are shown in Figures 2 and 3 . The emission parameters including quantum yields (1b) are assembled in Table I . The most dramatic result of these experiments is the considerable red shift in the fluorescence of Ad-C3-iPAd when compared to the fluorescence of either of its constituents. Such spectra are typical of emission from excited complexes (exciplexes) and can be taken as additional evidence for the stacked conformation. In dinucleotides exciplexes and excimers are observed only in those cases when optical rotatory dispersion experiments indicate the existence of base stacking. 36 As far as the phosphorescence results are concerned, the emission spectrum of Ad-C3-iPAd is seen to resemble neither of those of the constituent purines. This result differs from that observed for other dinucleotide analogs16 as well as for Abbreviations used in this paper are as follows: "2iPA" or iPeAdo, 6-(3-inethyl-2-buteitylainino)-9-,3-D-ribofuranosylpurine; 2iP, 6-(3-methyl-2-butenylamino)purine; Ad-, aden-9-yl-; iPAd-, 6-(3-methyl-2-butenylamino)purin-9-yl-; Ad-Cs-iPAd, 9-[3-(aden-9-yl)pyropylJ-6-(3-methyl-2-butenylamino)purine; iPAd-C3, 6-(3-methyl-2-butenylamino)-9-propylpurine; Ad-C3, 9-propyladenine; Ad-CrAd, 9,9-trimethylenebisadenine; poly A, polyadenylic acid; EGW, ethylene glycol-water (1: 1, v/v). 
